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Abstract

Introduction: Immediate and delayed hypersensitivity reac-
tions (HSR) to COVID-19 vaccines are rare adverse events
that need to be prevented, diagnosed, and managed in or-
der to guarantee adherence to the vaccination campaign.
The aims of our study were to stratify the risk of HSR to CO-
VID-19 vaccines and propose alternative strategies to com-
plete the vaccination. Methods: 1,640 subjects were
screened for vaccinal eligibility, according to national and
international recommendations. Among them, we enrolled
for allergy workup 152 subjects, 43 with HSR to COVID-19
vaccines and 109 at high risk of HSR to the first dose. In vivo
skin tests with drugs and/or vaccines containing PEG/poly-
sorbates were performed in all of them, using skin prick test
and, when negative, intradermal tests. In a subgroup of pa-
tients resulted negative to the in vivo skin tests, the pro-
grammed dose of COVID-19 vaccine (Pfizer/BioNTech) was
administered in graded doses regimen, and detection of

neutralizing anti-spike antibodies was performed in these
patients after 4 weeks from the vaccination, using the SPIA
method. Results: Skin tests for PEG/polysorbates resulted
positive in only 3% (5/152) of patients, including 2 with pre-
vious HSR to COVID-19 vaccines and 3 at high risk of HSR to
the first dose. Among the 147 patients with negative skin
tests, 97% (143/147) were eligible for vaccination and 87%
(124/143) of them received safely the programmed CO-
VID-19 vaccine dose. Administration of graded doses of Pfiz-
er/BioNTech vaccine were well tolerated in 17 out of 18 pa-
tients evaluated; only 1 developed an HSR during the vacci-
nation, less severe than the previous one, and all developed
neutralizing anti-spike antibodies after 4 weeks with values
comparable to those subjects who received the vaccine in
unfractionated dose. Conclusion: On the whole, the useful-
ness of the skin tests for PEG/polysorbates seems limited in
the diagnosis of HSR to COVID-19 vaccines. Graded doses
regimen (Pfizer/BioNTech) is a safe and effective alternative
strategy to complete the vaccinal course.
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Introduction

The COVID-19 is a devastating global pandemic with
limited therapeutic options. In this scenario, vaccination
represents the most effective global strategy to achieve
optimal population herd immunity [1-4]. Since the be-
ginning of the COVID-19 vaccination campaign, imme-
diate and delayed vaccine-induced hypersensitivity reac-
tions (HSRs) have been reported [5-8]. Although these
reactions are rare adverse events, they need to be prevent-
ed, diagnosed, and managed in order to guarantee adher-
ence to the vaccination campaign.

A careful allergy workup may be relevant for the strat-
ification of patients at high risk of COVID-19 vaccine-
induced HSR as well as for the diagnosis of HSR to the
first dose. The estimate rate of mRNA COVID-19 vac-
cine-induced anaphylaxis was initially of 11.1 cases per
million doses of the Pfizer/BioNTech, but subsequent re-
ports revealed a lower rate of 4.7 and 2.5 cases with Pfizer/
BioNTech and Moderna vaccines, respectively [9, 10].
Moreover, a recent meta-analysis showed case rate of
anaphylaxis of 7.9 cases of all available COVID-19 vac-
cines, and no anaphylaxis-related fatalities were reported
[11]. These data strongly suggest that even if severe reac-
tions may occur after vaccination, these are very rare
events and so far not fatal.

According to the literature, various components pres-
ent in the currently available COVID-19 vaccines, includ-
ing active and/or inactive ones, might be responsible for
the development of HSR [12]. In this regard, polyethylene
glycol (PEG) and polysorbates, excipients used to improve
water solubility, were identified as potential allergens in
COVID-19 vaccines, responsible for IgE-mediated reac-
tions [1-4]. Since several drugs and nonmedical products
(e.g., cosmetics) contain PEG and/or polysorbates, it has
been postulated that a previous sensitization to these ex-
cipients might cause anaphylaxis during vaccination, even
if the evidences supporting their role in HSR are still lack-
ing [13-17]. Following first reports of COVID-19 vaccine-
induced anaphylaxis [5-8], international and national sci-
entific societies [18, 19] provided an algorithm for helping
allergists to stratify patients at high risk of reactions and to
perform in vivo skin tests for identifying PEG/polysorbates
sensitization [20-22]. Assuming that patients who devel-
oped HSR were sensitized to vaccine components other
than PEG/polysorbates, some medical centers tested the
entire vaccine, getting however conflicting results. In fact,
some [23, 24] but not all [25] clinical reports showed sen-
sitization to components of the entire vaccine solution in-
stead of drugs containing PEG/polysorbates.
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Although HSR to the COVID-19 vaccines are rare and
not life-threatening, it is still necessary to adopt all the
diagnostic tools for the prevention and diagnosis of these
reactions, useful to improve adherence to the vaccination
campaign. Therefore, based on the clinical history and in
vivo skin tests results, administration of the vaccine in
graded doses regimen has been proposed as an alternative
strategy to complete the vaccinal course [26]. In some cas-
es, this approach has been successfully adopted [23, 27]
using a protocol already proposed for other vaccines [28].
However, the immunological efficacy of COVID-19 vac-
cination using graded doses regimen has not been deeply
investigated yet, and this issue is crucial for completing
an efficient vaccinal course. Therefore, the aims of our
study were to stratify in a large population the risk of de-
veloping HSR to currently available COVID-19 vaccines,
to assess the role of in vivo skin tests for PEG/polysor-
bates in the diagnosis and prevention of COVID-19-in-
duced HSR, and to identify safe and effective alternative
strategies to complete the vaccinal course.

Methods

Patients

From February 2021 to September 2021, 1,640 subjects were
screened for vaccinal eligibility, according to Banerji et al. [13]
(Fig. 1). The study was part of a screening protocol for vaccine
eligibility for COVID-19, organized by the health service of our
region (Tuscany) to comply with published recommendations
from AAIITO/SIAAIC societies [18]. Among them, 152 were en-
rolled at the Azienda Ospedaliera Universitaria Pisana, Pisa, Italy.
Demographic and clinical characteristics of these patients were
registered, including history of atopy, asthma, allergy to food and/
or latex and/or venom of hymenoptera, and previous HSR to drugs
and/or vaccines containing PEG/polysorbates. In those patients
who experienced HSR to the first dose of COVID-19 vaccine, the
reaction was classified on the basis of the time of onset (immediate
or delayed) and severity (grades 1-5) [29].

In vivo Skin Test to PEG/Polysorbates

In all our cohorts, the in vivo skin tests (skin prick tests [SPT]
and intradermal tests [IDT]) were performed using drugs and vac-
cines containing PEG/polysorbates, according to previous pub-
lished protocols [13, 18, 22] with some modifications as reported
in Table 1. Macrogol 3350 (pediatric Movicol without flavorings)
and methylprednisolone acetate (Depo-Medrol) 40 mg/mL were
used to evaluate sensitization to PEG 3350, while triamcinolone
acetonide (Kenacort) 40 mg/mL, Optive lubricant eye drops, and
Prevenar 13 were used to test sensitization to polysorbate 80. The
hepatitis A vaccine Havrix was additionally tested as a source of
polysorbate 20. Furthermore, methylprednisolone sodium succi-
nate (Urbason) 40 mg/mL, containing neither PEG nor polysor-
bate 80, was used as additional control. SPT and IDT were evalu-
ated after 15 min for immediate HSR and 24, 48, and 72 h or more
for the delayed ones. The results of both SPT and IDT were com-
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Table 1. Skin tests with drugs containing PEG 3350 and polysorbates

PEG 3350 Control Polysorbate 20 Polysorbate 80

Movicol (Macrogol), Depo-Medrol (MP Urbason (MP Havrix (Hepatitis  Kenacort (TA), Optive Prevenar 13

mg/mL acetate), mg/mL sodium succinate), A vaccine) mg/mL (pneumococcal

mg/mL vaccine)

Step 1 SPT 1.7 40 40 1:1 40 11 1:10
Step 2 SPT 17
Step 3 SPT 170
Step 4 IDT 0.04 0.04 1:100 0.4 1:100
Step 51DT 04 04 1:10 4
Step 6 IDT 4 4 40

IDT, intradermal tests; MP, methylprednisolone; SPT, skin prick tests; TA, triancinolone acetonide.

pared with the results obtained with positive (histamine, Lofarma
Allergeni, Milan, Italy) and negative (0.9% saline solution) con-
trols, and an arbitrary score was assigned based on the size of the
wheal (>3 mm). Informed written consent was obtained from each
patient before performing the in vivo skin tests, according to the
hospital internal protocol (Azienda Ospedaliera Universitaria
Pisana, Pisa, Italy).

Different Strategies for COVID-19 Vaccination after in vivo

Skin Tests

Based on the clinical history and the outcome of the in vivo skin
tests, the patients were invited to be vaccinated according to the
AAIITO/SIAAIC recommendations [18]. In order to know if they
had successfully completed their vaccinal course, after the allergy
workup a telephone interview was conducted. In the case of HSR,
these patients were reevaluated in the allergy setting.

To improve the adherence to the COVID-19 vaccination
campaign, we selected 18 consecutive subjects: 17 who devel-
oped an immediate HSR to the first dose (grade 1-3) with nega-
tive in vivo skin tests for PEG/polysorbates, and 1 at high risk of
vaccine-induced HSR. The programmed dose of Pfizer/BioN-

COVID-19 Vaccines Allergy

Tech vaccine was administered using graded doses regimen as
reported in Table 2. In order to reduce the risk of HSR, oral ce-
tirizine (10 mg) was administered prior the vaccination, and the
patients were observed 60 min after receiving the last dose of the
vaccine.

Detection of Neutralizing Anti-Spike Antibodies

The neutralizing capacity of anti-spike antibodies was mea-
sured in 18 patients who received COVID-19 vaccines (Pfizer/Bi-
oNTech) in graded doses regimen. The serological analysis was
performed 4 weeks after administration of the second vaccine
dose, by using the kit SPIA (Spike Protein Inhibition Assay; Di-
aMetra, Perugia, Italy), according to the manufacturer’s instruc-
tions. This assay is based on the competition between patient’s
antibodies and the peroxidase-conjugated ACE2 for the binding to
viral receptor binding domain (RBD) coated on the solid phase.
Sera samples were tested in duplicate at 1:15 dilution, and the in-
hibition value was calculated using the following formula: % inhi-
bition = (1 — [absorbance sample]/[absorbance calibrator]) x 100.

The results were compared to those obtained in the sera of 17
healthy subjects who received Pfizer/BioNTech COVID-19 vac-
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Table 2. Graded doses regimen of Pfizer/BioNTech COVID-19 vaccine

Undiluted doses Volume, Time following
mL previous dose, min

Protocol 1 for patients with HSR to the first dose of COVID-19 vaccines
1 0.05 0
2 0.10 30
3 0.15 30
Protocol 2 for patients at high risk of developing HSR to COVID-19 vaccine
1 0.05 0
2 0.25 30

COVID-19, coronavirus disease 2019; HSR, hypersensitivity reaction.
Table 3. Demographic and clinical characteristics of patients

Total, First dose HSR, High risk of HSR, p value
n=152 n=43 n=109

Age, years, mean (range) 55 (20-93) 53.5(23-89) 55.5(20-93) 0.4611
Sex, M/F, n 19/133 4/39 15/94 0.4540
Atopy, n (%) 77 (51) 17 (39.5) 60 (55) 0.0849
Asthma, n (%) 42 (28) 12(28) 30(27.5) 0.9619
Food allergy, n (%) 27 (18) 7 (16) 20 (18) 0.7636
Hymenoptera venom allergy, n (%) 11(7) 2(5) 9(8) 0.4396
Latex allergy, n (%) 15 (8) 5(12) 10(9) 0.6477
Urticaria/angioedema, n (%) 18(12) 7 (16) 11(10) 0.2876
AD and/or ACD, n (%) 27 (18) 8(19) 19(17) 0.8646
HSR to drugs and/or vaccines with PEG/polysorbates, n (%) 113 (74) 12(28) 101 (93) <0.00001

Anaphylaxis (grade 3-5) 65 (58) 5(42) 60 (59) 0.2398
HSR to other vaccines, n (%) 20(13) 2(5) 18 (16.5) 0.0513
Mastocytosis or MCAS, n (%) 1(0.6) 0(0) 1(1) NA

ACD, allergic contact dermatitis; AD, atopic dermatitis; HSR, hypersensitivity reaction; n, number; MCAS, mast cells activation syndrome;

NA, not applicable; PEG, polyethylene glycol.

cine in unfractionated dose. Neutralizing antibodies in both
groups were then compared to those measured in 17 healthy sub-
jects prior vaccination.

Statistical Analysis

Ages of the patients were expressed as mean of years (range)
and compared using the Student ¢ test. All the other variables were
expressed as absolute number and percentage. The frequencies of
atopy, asthma, and other clinical characteristics were compared
using the XZ test for nonbinary comparisons. The percentage of
neutralizing anti-spike antibodies in different groups were com-
pared by the Kruskal-Wallis test. Data were analyzed and plotted
using GraphPad Prism software (version 5.01; GraphPad Software
Inc., San Diego, CA, USA). A p value <0.05 was considered statis-
tically significant.
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Results

Study Population

After screening for vaccinal eligibility in a large popula-
tion, 152 subjects underwent allergy workup: 109 (72%)
were at high risk of developing HSR to COVID-19 vac-
cines, according to the first published recommendation
from AAIITO/SIAAIC societies [18] and 43 (28%) experi-
enced a previous HSR to the first dose. Most of the subjects
evaluated were females (87.5%) and to a lesser extent males
(12.5%) with a mean age of 55 years (range 20-93); 77
(51%) were atopic, 42 (28%) asthmatics, and 74% reported
a previous HSR to drugs or vaccines containing PEG/poly-
sorbates. As reported in Table 3, analysis of the two sub-
groups evaluated revealed that less than 30% of patients in
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2019; HSR, hypersensitivity reactions.

the group of subjects with a previous HSR to COVID-19
vaccines had a history of HSR to drugs or vaccine contain-
ing PEG/polysorbates. However, when we restricted this
evaluation to only anaphylactic reactions (grade 3-5), this
percentage was almost comparable to that of the subgroup
at high risk of developing HSR to the COVID-19 vaccine.
No differences in clinical and demographic parameters
were detected between the two subgroups.

Characteristics of HSR to COVID-19 Vaccines

As reported in Figure 2, the most frequent HSR to the
first dose of COVID-19 vaccines were observed after ad-
ministration of Pfizer/BioNTech (56%), followed by As-
traZeneca (30%) and Moderna (14%). Based on the time
of onset, 60.5% were immediate and 39.5% were delayed
reactions. Most of the reactions to Pfizer/BioNTech and
Moderna were immediate (71% and 67%, respectively),
while those to AstraZeneca were delayed (61.5%). Among
the immediate ones, only 19% were severe (grade 4-5)
and 38.5% classified as grade 3 (Table 4). A rescue medi-
cation with epinephrine was required in 4 out of the 5
patients who experienced a severe immediate HSR (grade
4-5) with resolution of the anaphylaxis within 1 h. No
fatal events were reported.

COVID-19 Vaccines Allergy

Table 4. Grade of immediate COVID-19 vaccine-induced HSR

Grade COVID-19 vaccine (n = 26)
Pfizer/BioNTech Moderna AstraZeneca
(n=17),n (%) (n=4),n (%) (n=5),n (%)

1 2(12) 1(25) 0(0)

2 5(29) 2 (50) 1(20)

3 7 (47) 1(25) 2 (40)

4 1(6) 0(0) 2 (40)

5 2(12) 0(0) 0(0)

COVID-19, coronavirus disease 2019; HSR, hypersensitivity reac-
tion; n, number.

Role of Skin Tests in the Diagnosis and Prevention of

HSR to COVID-19 Vaccines

As reported in Figure 3, only 3% (5/152) of all the test-
ed patients were positive to the in vivo skin tests, 3 at high
risk of developing HSR to the first vaccine dose and 2 with
a previous COVID-19 vaccine-induced HSR. Among the
3 patients at high risk of HSR, 2 successfully received the
first dose of Pfizer/BioNTech vaccine.

Int Arch Allergy Immunol 5
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the vaccination.

The 2 patients with a previous HSR to the first dose,
one to Moderna (immediate HSR) and the other one to
AstraZeneca (delayed-HSR), resulted positive to Kena-
cort (polysorbates containing drug), but no sensitization
to Macrogol (PEG 3350) has been detected. Therefore,
who developed an immediate HSR to Moderna vaccine
was not eligible for the second dose of COVID-19 vaccine
containing PEG/polysorbates, while who developed the
HSR to AstraZeneca was eligible for vaccination and suc-
cessfully received the second dose of Pfizer/BioNTech
vaccine.

In most of the patients tested (97%; 147/152), no sen-
sitization to PEG/polysorbates has been detected by in
vivo skin tests, and they were advised to receive the CO-
VID-19 vaccine, according to the recommendations [18].
At the reevaluation, 84% (124/143) completed the vacci-
nation course, 3% (4/124) with a mild-moderate immedi-
ate HSR (grades 1-3), and 1.6% (2/124) with a severe im-
mediate HSR (grade 4), none requiring epinephrine in-
jection.

In order to improve the adherence to the vaccinal cam-
paign, we selected 18 out of the 147 patients, resulted neg-
ative to the skin tests for receiving the programmed dose
using graded doses of Pfizer/BioNTech vaccine, 17 with

6 Int Arch Allergy Immunol
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a previous immediate HSR to the first dose, and one at
high risk of reaction. The graded doses were well toler-
ated in most of the patients; only one developed an im-
mediate HSR (grade 2), less severe than the previous one
(grade 3), resolved after medical intervention with injec-
tive corticosteroids.

Immunological Response in Graded Doses of

COVID-19 Vaccine

In order to evaluate the immunological efficacy of the
COVID-19 vaccination with Pfizer/BioNTech vaccine
using graded doses regimen, we evaluated neutralizing
RBD/ACE2-binding antibodies in the sera of these pa-
tients 4 weeks after completing the vaccinal course. As
reported in Figure 4, neutralizing antibodies were pro-
duced in this group at the same level as those produced in
the group that received the unfractionated dose, indicat-
ing that graded doses regimen of Pfizer/BioNTech CO-
VID-19 vaccine does not impair the production of pro-
tective antibodies. The neutralizing antibodies in both
groups (unfractionated and graded doses) were signifi-
cantly higher than those detected in the healthy subjects
prior vaccination (p < 0.0001) (Fig. 4).

Petrelli et al.
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Fig. 4. Neutralizing anti-spike antibodies following graded doses
of Pfizer/BioNTech COVID-19 vaccine. A p value <0.05 was con-
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Discussion

Since the beginning of COVID-19 vaccination cam-
paign, the main goal of allergists was to prevent CO-
VID-19 vaccine-induced HSR and, in the case of reac-
tions, to adopt an allergy workup for the diagnosis and
the management of them. In line with other allergy cen-
ters [17, 26, 30-32], and according to the national and
international recommendations [18, 19], we performed,
when indicated, risk stratification of HSR to COVID-19
vaccines and allergy workup, including in vivo skin tests
for identifying sensitization to PEG/polysorbates [13, 18,
22].

Our cohort included 72% of patients at high risk of
HSR to COVID-19 vaccine and 28% with previous HSR
to the first dose. As reported in other centers [8, 32], the
majority of subjects requiring an allergy workup were fe-
males, even though no other differences in clinical char-
acteristics were identified between males and females
(data not shown). The atopic status and a previous diag-
nosis of asthma were not able to discriminate between
patients at high risk of HSR versus those who developed
HSR to the first dose. Although a previous HSR to drugs
or vaccines containing PEG/polysorbates was identified
as a high risk factor for developing a COVID-19 vaccine-

COVID-19 Vaccines Allergy

induced HSR, in our cohort this parameter was not pre-
dictive of reaction and did not affect either the detection
of sensitization of PEG/polysorbates using skin tests or
the subsequent tolerance of COVID-19 vaccine in sub-
jects with previous HSR. In fact, most of the patients with
HSR to the first dose and/or previous HSR to drugs or
vaccines containing PEG/polysorbates were able to re-
ceive safely the COVID-19 vaccine. These data were con-
firmed by the most recent AAIITO/SIAAIC recommen-
dations (available from April 2022) [33] that include in
the group of subjects at “high risk” of HSR to COVID-19
vaccine only those with previous HSR to injectable drugs
containing PEG, to echocardiographic contrast agents, or
to laxatives, or bowel preps for colonoscopy, both con-
taining PEG as active components. On the contrary, the
subjects reporting a previous HSR to oral drugs contain-
ing PEG/polysorbates are now considered at “low risk” to
develop HSR to COVID-19 vaccine [33].

In our experience, most of the HSR to the first dose of
COVID-19 vaccines were immediate and not anaphylac-
tic (grade 1-2), with a prevalence of erythema and/or ur-
ticaria as clinical manifestations. In line with previous re-
ports [17, 26, 30-32], only 5% of the patients with HSR to
the first dose resulted positive to skin tests to drugs and/
or vaccine containing PEG/polysorbates. However, even
if it was not possible to identify a sensitization to PEG/
polysorbates, these excipients might still be involved in
COVID-19 vaccine-induced HSR through other mecha-
nisms such as non-IgE-mediated or nonimmunological
ones. Moreover, we can suggest that the active compo-
nents of the vaccines, rather than excipients, may be re-
sponsible for vaccine-induced HSR, and the in vivo skin
tests used in the allergy workup are not able to identify it.

In our cohort, the in vivo skin tests for identifying sen-
sitization to PEG/polysorbates revealed an unexpected
low rate of positive results despite a previous HSR to
drugs and/or vaccines containing PEG/polysorbates. Un-
der this respect, it should be taken into account that the
molecular weight (MW) of PEG contained in COVID-19
vaccines (Pfizer/BioNTech and Moderna) is 2,000, not
the same MW of PEG commonly used in other drugs.
Therefore, these differences might in part explain the
negative skin test results obtained in our and in other
studies. Thus, the level of cross-reactivity among PEG
polymers with different MW needs to be further investi-
gated. Moreover, when skin tests to drugs and vaccines
containing PEG/polysorbates are negative, we should
perform skin tests using PEGylated liposomes [24]. In
fact, skin testing to native PEG may provide negative re-
sults, while their sensitivity may be improved by testing

Int Arch Allergy Immunol 7
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PEGylated liposomes, which more closely resemble the
form of PEG contained in COVID-19 vaccine [24]. Ac-
cording to our results, we can assume that skin tests using
drugs and vaccines containing PEG/polysorbates are not
optimal for the diagnosis of HSR to COVID-19 vaccines
and their usefulness and validity need to be reconsidered.
The use of culprit vaccine for in vivo skin tests may over-
come some of these limitations, but positive results by
this approach were less frequent than expected as de-
scribed in some reports [25]. Thus, other diagnostic tools
for identifying PEG/polysorbates sensitization [26, 32]
are required, including detection of specific IgE and/or
basophil activation test.

Despite the limits of the currently available diagnos-
tic tools, the main goal for allergists remains the identi-
fication of safe and effective alternative strategies useful
to complete the vaccinal course. According to national
and international recommendations [18], a desensitiza-
tion protocol should be considered in selected patients
with a previous immediate HSR to COVID-19 vaccines,
with no evidence of sensitization to PEG/polysorbates.
However, the stability, the safety, and the immunoge-
nicity of the vaccine diluted, as required by desensitiza-
tion protocols [18], have not been deeply investigated
yet [13]. Therefore, this vaccinal strategy has some lim-
itations that need to be overcome. Thus, we decided to
administer Pfizer/BioNTech COVID-19 vaccine not di-
luted by using graded doses regimen in order not to im-
pair the stability of the nanoparticles. According to our
results, this approach was useful to complete the vacci-
nal course in subjects at high risk of HSR to the first dose
and/or after a previous HSR. In fact, most of them did
not develop any HSR during the vaccine administration,
and in only one case, the HSR observed was less severe
than the previous one. Our goal was also to complete the
vaccinal course by means of an alternative strategy effec-
tive in inducing a specific immunological response. Our
data confirmed that after 4 weeks from Pfizer/BioNTech
COVID-19 vaccine in graded doses regimen, these pa-
tients developed protective neutralizing anti-spike anti-
bodies. This is the first report demonstrating that graded
doses regimen of COVID-19 vaccination is able to in-
duce an efficient immunological response comparable
to unfractionated doses. In line with our experience, few
other Allergy centers administered safely COVID-19
vaccines by using the same approach [23, 27, 34]. In only
few clinical reports, the anti-spike antibodies were mea-
sured after receiving the COVID-19 vaccine in graded
doses regimen, but their neutralizing capacity was not
evaluated [27, 34].

8 Int Arch Allergy Immunol
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In conclusion, although COVID-19-induced HSRs are
very rare adverse events, the fearfulness of developing
these reactions can cause loss of adherence to the vaccinal
campaign. Therefore, the allergy workup is useful to strat-
ify the risk of developing HSR to COVID-19 vaccines and
to identify safe and effective alternative strategies to com-
plete the vaccinal course. However, the usefulness of the
skin tests for PEG/polysorbates seems limited in the diag-
nosis of HSR to COVID-19 vaccines and other diagnostic
tools are required. Graded doses of Pfizer/BioNTech CO-
VID-19 vaccine has resulted a safe and effective alterna-
tive strategy to complete successfully the vaccinal course.
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